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??? 2??????????Combined Function Automation
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??? 3???????Limited Self-Driving Automation
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???????? ? 100 /s
??????? ? 180 
??????? ? 100 /h?? 1 /7??
???????? RS-232C
?? 500 g??
?????? -20 to +50 C
???? 100 mm ? 88 mm ? 55 mm
?????????????????????????????????????????
????????? 2.3?????? 1.7 m??? 41??????????












?????? -10 to +50 C
???? 62 mm ? 62 mm ? 87.5 mm
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2.2.3 ???????LIDAR




???????? ibeo LUX??????? LIDAR?????????UXM-30LX-EW?
???? 2.4?ibeo LUX????? 2.5???????????? 2.4?? 2.10????
?????????????????????????????????????????
?????????? 2.11????? 2.11?????????????????????












?????? -10 to +50 C
???? 120 mm ? 125.5 mm ? 146 mm
24











?????? -40 to +85 C
???? 151 mm ? 92.94 mm ? 84 mm
? 2.4: ??????? LIDAR????ibeo LUX?
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? 2.5: ??????? LIDAR?????UTM-30LX?
? 2.6: ??????? LIDAR?????UTM-30LX?
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? 2.7: ??????? LIDAR?????UTM-30LX?
? 2.8: ??????? LIDAR?????UXM-30LX-EW?
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? 2.9: ??????? LIDAR?????UTM-30LX-EW?






















































































































































































































??????????????? 10?100 m?? 10 m???? 3.7???????????
??????????????????????????????????????????
????? 10 m???????????????? 3.8?3.17???????????
[m]??????????? [m]???????????????????????????




















































































































































































































































??? [m] 10 20 30 40 50 60
??? ?? [m] -0.0025 -0.0047 -0.0095 -0.0188 -0.0320 -0.0474
???? [m] 0.0918 0.1473 0.2311 0.3365 0.4733 0.6462
??? ?? [m] -0.0032 -0.0034 -0.0071 -0.028 -0.0112 0.0038
???? [m] 0.0886 0.1122 0.2160 0.2675 0.4632 0.5444
?? ?? [m] -0.0029 -0.0040 -0.0083 -0.0108 -0.0216 -0.0218
?? ???? [m] 0.0902 0.1298 0.2235 0.3020 0.4682 0.5953
70 80 90 100
-0.0659 -0.0930 -0.1310 -0.1776
0.8598 1.1046 1.3886 1.7228
0.8570 0.9777 1.4132 1.5905
-0.0265 -0.0258 -0.0463 -0.0456























































2) ???? 4.0 m??????????????????
3) ????????????????????????????????????????















































??? 3.2???????????? IBEO LUX???? nibeo??? IBEO LUX???





????w w > 13.0 [m]
IBEO LUX???? nibeo nibeo > 1






















































????????? 4.1???????? IC???????????????? IC???
????????????
??????????????????? 4.2?4.6????? 4.2????? 1????











































































































































log3 1 90.49 - - -15.53 -12.74 - ???? 2
??PA 2 91.10 75.17 -8.49 -19.46 -12.84 94.63 ???? 1
??SA 3 87.04 - - -13.82 -6.67 - ???? 2
log4 1 89.60 56.87 -11.42 -18.38 -11.04 75.25 ???? 1
??SA 2 90.17 - - -22.82 -12.25 - ???? 2
??SA 3 88.84 57.30 -8.89 -19.12 -10.66 76.42 ???? 1
4 80.73 45.94 -5.60 -14.85 -9.03 60.79 ???? 2
5 88.88 - - -30.72 -16.63 - ???? 5
6 86.89 48.29 -8.62 -31.03 -17.47 79.32 ???? 1
7 88.12 - - -19.50 -8.69 - ???? 2
8 88.59 61.49 -10.76 -30.63 -13.69 92.12 ???? 1
9 86.98 - - -18.34 -9.31 - ???? 2
10 90.04 47.69 -12.28 -28.99 -22.42 76.68 ???? 1
log5 1 88.36 52.63 -6.24 -23.14 -10.86 75.77 ???? 1
??SA 2 77.64 20.01 20.52 -55.48 6.57 75.49 ????
?? IC 3 88.21 94.97 -4.01 -28.85 -19.88 123.82 ???? 5
log6 1 76.63 30.62 14.55 - - - ????
?? IC 2 87.29 62.89 -9.58 -30.83 -12.44 93.72 ???? 1


































log7 1 87.08 56.96 -9.10 -32.22 -11.69 89.18 ???? 1
??SA 2 88.33 - - -17.77 -13.91 - ???? 2
??SA 3 80.50 49.84 3.76 -42.91 -4.92 92.75 ???? 5
4 84.66 70.11 -12.24 -21.44 -17.21 91.55 ???? 1
5 85.13 79.52 -6.46 -22.55 -12.06 102.07 ???? 2
6 78.32 37.56 -8.42 -21.11 -6.97 58.67 ???? 1
7 83.32 - - -18.91 -15.66 - ???? 5
8 88.44 74.26 -18.75 -18.87 -14.45 93.13 ???? 1
9 88.14 90.66 -15.22 -18.15 -17.72 108.81 ???? 2
10 81.72 55.74 -13.60 -17.38 -15.85 73.12 ???? 5
11 85.50 80.33 -13.62 -16.15 -14.33 96.48 ???? 2
log8 1 89.09 - - -22.21 -9.35 - ???? 5
??SA 2 83.65 45.14 -5.66 -16.38 -7.35 61.52 ???? 5
?? IC 3 88.26 38.49 -4.32 -23.99 -17.17 62.48 ???? 2
4 81.50 65.68 -12.11 -23.56 -13.21 89.24 ???? 1
5 84.99 102.54 -3.96 -19.49 -11.45 122.03 ???? 2


































log3 1 79.80 97.48 11.50 - - - ???? 2
??PA 2 77.45 19.08 15.72 - - - ???? 1
??SA 3 83.11 86.58 16.04 - - - ???? 2
log4 1 81.80 36.88 10.06 -96.00 13.41 132.88 ???? 1
??SA 2 78.16 38.48 19.94 -70.55 13.99 109.03 ???? 2
??SA 3 79.27 13.35 16.45 -88.43 16.43 101.78 ???? 1
4 75.46 55.78 39.39 - - - ???? 2
5 73.36 - - -76.62 16.71 - ???? 5
6 77.65 9.86 12.40 -55.95 7.59 65.81 ???? 1
7 78.39 12.56 22.33 - - - ???? 2
8 74.82 22.23 13.63 -90.98 14.58 113.21 ???? 1
9 77.09 23.71 14.46 -50.25 7.69 73.96 ???? 2
10 78.28 9.99 14.02 -53.21 27.89 63.20 ???? 1
log5 1 80.03 74.05 26.80 - - - ???? 1
??SA 2 68.61 16.72 21.61 -82.86 22.72 99.58 ????
?? IC 3 71.22 9.11 16.01 - - - ???? 5
log6 1 76.13 - - - - - ????
?? IC 2 74.55 24.37 17.81 - - - ???? 1
??SA 3 78.05 13.67 21.11 - - - ???? 2


































??SA 2 78.30 14.80 10.04 -57.00 12.57 71.80 ???? 2
??SA 3 69.39 - - - - - ???? 5
4 72.31 8.27 4.45 -34.72 2.81 42.99 ???? 1
5 75.57 - - -36.69 5.64 - ???? 2
6 71.26 10.59 10.36 -29.62 4.19 40.21 ???? 1
7 71.94 14.72 7.40 -41.76 12.51 56.48 ???? 5
8 78.05 11.78 14.87 - - - ???? 1
9 72.78 12.92 19.24 -40.53 17.79 53.45 ???? 2
10 78.05 11.46 11.04 -70.06 13.94 81.52 ???? 5
11 82.95 13.78 16.15 -36.59 9.98 50.37 ???? 2
log8 1 80.49 12.39 13.53 -45.75 8.06 58.14 ???? 5
??SA 2 78.94 14.63 21.88 -51.78 13.39 66.41 ???? 5
?? IC 3 74.28 31.26 9.00 -60.10 14.66 91.36 ???? 2
4 74.74 18.92 6.48 -77.50 27.25 96.42 ???? 1
5 75.95 25.58 22.71 - - - ???? 2


































log4 5 90.36 61.46 -13.60 1.13 -13.59 60.33 ???? 5
5 90.86 55.91 -15.79 -1.15 -8.74 57.06 ???? 5
5 90.75 49.21 -18.50 -4.13 -9.81 53.34 ???? 5
5 90.59 45.17 -20.11 -6.90 -12.47 52.07 ???? 5
5 90.13 41.24 -20.06 -9.66 -13.26 50.90 ???? 5
5 89.35 31.4 -23.08 -16.14 -14.91 47.54 ???? 5
5 88.59 24.34 -22.05 -20.87 -14.40 45.21 ???? 5
5 88.41 22.23 -22.28 -22.78 -15.33 45.01 ???? 5
5 87.86 12.88 -20.70 -30.17 -16.37 43.05 ???? 5
5 86.91 64.07 -13.78 -3.19 -11.73 67.26 ???? 5
5 87.01 59.88 -13.44 -8.61 -15.06 68.49 ???? 5
5 87.27 55.92 -15.85 -14.09 -19.44 70.01 ???? 5
5 87.32 51.68 -15.92 -19.36 -19.64 71.04 ???? 5
5 87.26 46.4 -16.01 -25.77 -19.86 72.17 ???? 5
5 87.12 42.82 -16.39 -30.01 -19.97 72.83 ???? 5
5 87.52 35.44 -17.11 -38.38 -21.00 73.82 ???? 5
5 88.14 30.08 -20.13 -43.75 -21.62 73.83 ???? 5
5 88.07 27.59 -16.86 -48.64 -21.34 76.23 ???? 5
5 87.91 21.12 -17.65 -55.45 -20.43 76.57 ???? 5


































5 88.00 13.52 -17.48 -63.60 -19.05 77.12 ???? 5
log5 2 76.72 11.52 5.47 -17.14 -2.14 28.66 ????
2 77.69 13.76 6.81 -16.45 0.22 30.21 ????
2 78.41 14 3.58 -16.74 -0.64 30.74 ????
2 78.77 15.57 3.89 -15.18 2.06 30.75 ????
2 78.68 16.18 4.34 -14.74 3.30 30.92 ????
2 78.61 16.97 2.84 -13.78 2.69 30.75 ????
2 78.55 17.64 2.86 -12.75 3.56 30.39 ????
2 78.28 19.22 3.47 -10.57 5.31 29.79 ????
2 77.18 -2.3 10.78 -26.56 8.92 24.26 ????
2 76.61 -0.2 9.35 -24.23 9.34 24.03 ????
2 75.95 0.18 4.42 -20.72 10.97 20.90 ????
2 76.09 2.38 6.51 -18.04 10.89 20.42 ????
2 75.97 5.49 12.69 -15.09 14.19 20.58 ????
2 76.38 11.14 14.74 -10.27 13.77 21.41 ????
2 77.49 4.45 16.51 -60.68 7.50 65.13 ????
3 90.38 26.23 -8.41 -4.95 -16.91 31.18 ???? 5
3 89.99 16.36 -21.09 -12.98 -20.42 29.34 ???? 5
3 90.09 9.05 -24.87 -19.22 -22.00 28.27 ???? 5


































3 89.87 6.69 -24.30 -5.03 -18.48 11.72 ???? 5
3 89.17 21.11 -22.92 2.11 -22.88 19.00 ???? 5
3 88.18 15.42 -21.06 -0.53 -14.22 15.95 ???? 5
3 87.55 10.44 -19.96 -3.78 -13.57 14.22 ???? 5
log7 7 87.36 44.23 -19.21 -7.63 -13.45 51.86 ???? 5
7 87.47 35.41 -23.72 -13.66 -15.20 49.07 ???? 5
7 86.17 15.84 -17.89 -29.95 -14.33 45.79 ???? 5
7 85.36 10.4 -17.15 -34.29 -13.23 44.69 ???? 5
10 73.47 34.67 -12.98 -3.44 -6.16 38.11 ???? 5
10 72.96 29.91 -10.70 -6.42 -8.53 36.33 ???? 5
10 72.48 27.08 -10.14 -9.16 -8.52 36.24 ???? 5
10 72.11 23.92 -11.85 -11.25 -8.84 35.17 ???? 5
10 71.76 20.29 -13.20 -13.73 -9.35 34.02 ???? 5
10 71.59 16.33 -13.72 -16.37 -9.28 32.70 ???? 5
10 71.59 12.05 -12.95 -19.89 -10.04 31.94 ???? 5
log8 1 86.64 49.05 -13.25 -7.06 -5.12 56.11 ???? 5
1 86.53 45.15 -13.34 -8.96 -5.25 54.11 ???? 5
1 86.40 39.39 -13.08 -11.85 -5.35 51.24 ???? 5
1 86.21 36.85 -13.46 -11.99 -6.18 48.84 ???? 5


































1 85.34 25.66 -13.16 -17.96 -7.35 43.62 ???? 5
1 84.60 20.4 -12.36 -20.72 -6.55 41.12 ???? 5
1 84.59 13.44 -14.47 -25.40 -8.71 38.84 ???? 5
1 79.42 33.75 -12.06 -34.85 -12.31 68.60 ???? 5
1 77.97 30.15 -10.36 -38.92 -10.48 69.07 ???? 5
1 76.42 28.07 -5.82 -42.80 -8.70 70.87 ???? 5
1 75.54 25.67 -4.42 -46.85 -7.78 72.52 ???? 5
1 76.35 21.15 -6.87 -52.25 -8.48 73.40 ???? 5
1 78.21 17.52 -9.47 -56.10 -9.90 73.62 ???? 5
1 81.41 9.88 -13.86 -62.86 -12.23 72.74 ???? 5
1 88.32 37.31 -10.23 -7.70 -18.14 45.01 ???? 5
1 91.02 22.64 -6.68 -43.24 -18.37 65.88 ???? 5
1 90.20 18.55 -8.15 -51.44 -15.90 69.99 ???? 5
2 88.09 22.78 -10.13 -10.16 -15.52 32.94 ???? 5
2 87.53 16.08 -13.58 -17.57 -15.61 33.65 ???? 5
2 85.13 13.29 -11.97 -4.68 -8.85 17.97 ???? 5
2 89.12 66.02 -7.28 -31.90 -9.33 97.92 ???? 5
2 82.35 13.16 -9.38 -9.04 -7.76 22.20 ???? 5
2 78.98 14.69 -5.49 -7.81 -5.82 22.50 ???? 5


































log3 2 78.28 5.52 12.09 -33.59 14.39 39.11 ???? 1
2 78.94 9.51 12.07 -29.32 13.22 38.83 ???? 1
2 79.60 16.26 11.65 -21.85 11.19 38.11 ???? 1
2 80.21 23.61 12.18 -13.93 13.05 37.54 ???? 1
2 78.86 35.55 12.86 -1.17 15.99 36.72 ???? 1
log4 2 76.45 7.61 13.24 -33.04 20.89 40.65 ???? 2
2 76.34 13.74 13.28 -24.55 20.54 38.29 ???? 2
2 76.68 20.76 14.62 -14.07 21.23 34.83 ???? 2
3 77.29 6.37 9.11 -43.61 17.81 49.98 ???? 1
3 78.30 16.56 9.31 -27.18 17.02 43.74 ???? 1
3 78.27 23.28 9.48 -14.84 18.28 38.12 ???? 1
3 80.18 7.30 13.07 -28.94 19.67 36.24 ???? 1
3 80.43 12.83 13.84 -21.89 19.06 34.72 ???? 1
4 76.32 89.87 29.50 -85.70 35.35 175.57 ???? 2
4 76.21 - - -63.82 35.73 - ???? 2
4 76.03 - - -39.53 35.30 - ???? 2
4 75.91 - - -14.06 34.95 - ???? 2
4 76.06 7.02 26.53 -42.68 41.69 49.70 ???? 2
4 75.96 20.95 30.18 -24.76 42.17 45.71 ???? 2


































6 78.19 6.30 16.71 -25.69 11.27 31.99 ???? 1
6 79.10 17.13 20.26 -19.20 10.71 36.33 ???? 1
7 75.59 10.31 22.49 -54.45 20.70 64.76 ???? 2
7 77.28 28.09 26.28 -40.57 21.17 68.66 ???? 2
7 77.96 47.64 26.05 -25.73 20.46 73.37 ???? 2
7 77.86 60.49 28.37 -15.90 22.37 76.39 ???? 2
7 76.98 7.38 26.25 -31.92 24.63 39.30 ???? 2
7 76.92 19.55 25.47 -19.95 24.85 39.50 ???? 2
8 74.88 7.37 12.72 -36.74 15.61 44.11 ???? 1
8 74.99 15.24 12.28 -27.69 14.26 42.93 ???? 1
8 74.92 24.05 13.67 -18.12 14.77 42.17 ???? 1
10 77.81 7.28 11.26 -40.08 13.49 47.36 ???? 1
10 77.75 17.49 16.20 -27.44 21.30 44.93 ???? 1
10 77.50 28.09 16.84 -14.12 21.89 42.21 ???? 1
log5 3 69.42 31.17 22.13 -62.50 22.19 93.67 ???? 5
3 68.26 45.92 23.25 -47.75 23.33 93.67 ???? 5
3 71.02 61.78 18.31 -31.79 18.73 93.57 ???? 5
3 69.30 73.14 18.04 -19.21 19.57 92.35 ???? 5
log6 2 76.89 8.41 11.71 -47.15 7.51 55.56 ???? 1


































2 75.95 30.81 14.64 -25.87 15.02 56.68 ???? 1
2 74.41 43.74 16.80 -13.37 16.40 57.11 ???? 1
3 77.13 7.81 21.37 -57.90 18.94 65.71 ???? 2
3 76.62 30.27 25.73 -35.05 26.68 65.32 ???? 2
3 75.91 48.80 26.89 -19.53 22.52 68.33 ???? 2
3 76.00 11.07 19.21 -36.97 24.10 48.04 ???? 2
3 76.37 25.52 23.72 -21.41 25.76 46.93 ???? 2
log7 7 71.23 10.14 12.13 -56.21 13.33 66.35 ???? 5
7 71.16 21.50 16.18 -44.61 13.99 66.11 ???? 5
7 71.16 31.38 11.29 -29.00 17.23 60.38 ???? 5
7 71.20 40.33 11.87 -14.89 17.94 55.22 ???? 5
8 74.83 8.29 13.41 -15.34 12.70 23.63 ???? 1
9 67.97 8.14 22.08 -32.56 26.07 40.70 ???? 2
9 68.20 18.36 24.07 -20.98 27.06 39.34 ???? 2
10 73.86 7.03 8.48 -20.77 19.89 27.80 ???? 5
10 74.08 13.32 16.71 -14.55 20.29 27.87 ???? 5
log8 2 75.70 9.81 15.47 -42.21 23.06 52.02 ???? 5
2 76.87 25.72 17.34 -23.81 24.99 49.53 ???? 5






















behind the front vehicle
Cases entered 

















y =  20 (4.2)
x  0???














y = -18x / 5 + 15
y = -17x / 5 - 20
y = 15 [m]
































































































































?????????? 80 km/h???????????? 70 km/h?90km/h????? 1
??????????????????????????????????
5.2.2 ????






??? 70 km/h??????????? 4.4 km/h??????????????? 5.7?


















































??????????? 1500 m??????????????????????? 400 m
????????????????????? 50 km/h?65 km/h?80 km/h??????
???????????????????+10 km/h?+30 km/h?-10 km/h?-30 km/h?
????????????????????????? 100 m??????
5.3.2 ????
???? 80 km/h??????????????????????? 5.8?? 5.11????
? 5.8?????+10 km/h????? 90 km/h??? 5.9?????+30 km/h?????















????????????? 10 km/h???? 2???????????????????





























































































































? 5.11: ???? 80 km/h ????-30 km/h???????????????????
88
? 5.2: ??????? ?????????????
???? +10 km/h +30 km/h -10 km/h -30 km/h
???? 50km/h ? ? ? ?
??? ???? 65km/h ? ? ? ?
???? 80km/h ? ? ? ?
???? 50km/h ? ? ? ?
??? ???? 65km/h ? ? ? ?
??? ???? 80km/h ? ? ? ?
???? 50km/h ? ? ? ?
??? ???? 65km/h ? ? ? ?

























?????????????? 65 km/h??????????????+10 km/h????
? 75 km/h??+30 km/h????? 95 km/h??-10 km/h????? 55 km/h??-30 km/h
????? 35 km/h?????????????????????????? 1?????







































? 6.3: ???? 1? ????+10 km/h??????
93
6.2.2 ????+30 km/h?1??
































? 6.4: ???? 1? ????+30 km/h??????
94
6.2.3 ????-10 km/h?1??
































? 6.5: ???? 1? ????-10 km/h??????
95
6.2.4 ????-30 km/h?1??










































































? 6.7: ???? 2? ????+10 km/h??????
97
(a) ???? 1 (b) ???? 2
(c) ???? 3 (d) ???? 4
(e) ???? 5 (f) ???? 6
? 6.8: ?????????? 2? ????+10 km/h?
98
6.3.2 ????+30 km/h?2??





































? 6.9: ???? 2? ????+30 km/h??????
99
(a) ???? 1 (b) ???? 2
(c) ???? 3 (d) ???? 4
(e) ???? 5 (f) ???? 6
? 6.10: ?????????? 2? ????+30 km/h?
100
6.3.3 ????-10 km/h?2??






































? 6.11: ???? 2? ????-10 km/h??????
101
(a) ???? 1 (b) ???? 2
(c) ???? 3 (d) ???? 4
(e) ???? 5 (f) ???? 6
? 6.12: ?????????? 2? ????-10 km/h?
102
6.3.4 ????-30 km/h?2??





































? 6.13: ???? 2? ????-30 km/h??????
103
(a) ???? 1 (b) ???? 2
(c) ???? 3 (d) ???? 4
(e) ???? 5 (f) ???? 6






?????? 10 km/h??? 2???????????????????????????





??????LIDAR?UTM-30LX-EW??????????????ibeo LUX? 12 Hz?

























???? 1???????????? 6.2?????-10 km/h?????????????






?????????? 10 km/h???????? 2?????????????????
????? 30 km/h???????? 2???????????????????????
? 6.1: ????????????????????????????????? 1??
?????? ?????? ??????
???? ???? [m] ???? [km/h] ??????? [s]
+10 km/h 16.41 9.89 27.40
+30 km/h 18.95 27.48 11.96
-10 km/h -21.31 -9.76 25.85









??? 101.06 m?????-10 km/h?? 139.32 m???????????????????
2????????????????????????????????????+30 km/h

















? 6.2: ????????????????????????????????? 2??
???? ???? ???? ???? ??????
???? ???? ???? ???? ???? ???????
[m] [km/h] [m] [km/h] [s]
+10 km/h 18.67 9.43 -87.93 7.15 28.62
+30 km/h - - 17.94 20.80 23.94
-10 km/h - - -21.17 -9.15 26.46
-30 km/h -23.97 -28.40 - - 25.85
? 6.3: ????????????????????????????
???? ???? ???? ???? ??????
???? ???? ???? ???? ???? ???????
[m] [km/h] [m] [km/h] [s]
+10 km/h 37.09 9.50 -75.33 5.73 35.57
+30 km/h - - 61.03 22.00 31.11
-10 km/h 89.23 -8.79 -44.51 -8.52 38.09
-30 km/h -101.61 -26.89 - - 35.57
? 6.4: ????????????????
???? ???? ?????? ??????
???? ???? [m] ???? [m] ???? [m] ??????? [s]
+10 km/h -0.01 -101.06 101.06 20.42
+30 km/h 1.09 -99.40 100.50 9.62
-10 km/h 106.45 -32.86 139.32 31.49




???? ???? [m] ????? [m] ???? [m]
+10 km/h 69.00 27.78 96.78
+30 km/h 137.00 83.33 220.33
-10 km/h 71.00 27.78 98.78
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